The Effect of Unfolding Brackets on the Quality of Wealth Data in HRS

I. Overview
One of the major innovations of the Health and Retirement Study (HRS) is the addition of an unfolding bracket question sequence for those respondents who own an asset but who are unwilling or unable to provide an estimate of the amount. (See Appendix 1 for the basic structure of an unfolding bracket question sequence.) The unfolding brackets idea originated in the wealth module of the Panel Study of Income Dynamics (PSID) in 1984, when a very short wealth sequence was first asked in an ISR/SRC survey. It turns out that the missing data rate (the R owns an asset but is not willing or able to provide a dollar amount) is very sizeable in both HRS and AHEAD-much larger than had proved to be the case for PSID. The typical missing data rate in the HRS and AHEAD studies is of the order of the low thirty percent, a missing data rate that can be reduced to mainly single digits by using the unfolding bracket question sequence.
If it were the case that respondents who did not or could not provide point estimates of their asset holdings (or of other financial flows) did not behave differently, relative to demographic and other characteristics, than respondents who provided point estimates (continuous data cases), then how the missing data cases are treated would make relatively little difference. There would be no systematic bias associated with respondents placing themselves in an unfolding bracket category rather than reporting an exact data number. But if it turned out that missing data cases had values that were systematically high or low relative to personal characteristics of the respondent, then taking that into account might well make a substantial difference in estimates of the distribution of asset holdings, or in the mean levels of such holdings. It would be quite important to find an estimate of the size of that bias and to correct the data for it. In effect, if the imputation program used to convert missing data to imputed data produces the result that there is no systematic difference between continuous (exact) data and missing data, then the gains from using unfolding brackets would be miniscule. On the other hand, if it turned out that missing data cases were systematically very different than continuous data cases, then developing a proper imputation program that corrects for that bias would be quite important.
Initial exploration of this problem produced the not unexpected result that missing data cases were in fact quite different than continuous data cases, and that the appropriate adjustment would involve a substantial increase in the level of asset holdings. Two early papers made this point clearly. One was a paper by Juster and Smith, published in JASA in 1997 , which adopted the strategy of imputing missing data cases by random draws from the bracket category that respondents placed themselves into. That is, if a respondent said that their asset holdings were more than $5000 but less than $50,000, an estimate of the respondent's holdings could be calculated by making a random draw from continuous data cases located in that particular bracket category-in this case, in the category $5000 to $50,000. Roughly the same results were obtained in another study, authored by Hurd and published in the Journal of Risk and Uncertainty in 1999. Both of these studies used data collected in Wave 1 of HRS and Wave 1 of AHEAD; the Hurd study also used Wave 2 HRS data. Looking at the values in Table 1 , it is quite clear that there is virtually no difference in the mean or median values for the categories labeled RAND-H and those labeled RAND-S. In all cases bracketed data cases yield a significantly higher mean and median value than continuous data cases, while the RAND-H and RAND-S estimates are essentially identical. The small differences that exist between the RAND-H data and the RAND-S data are probably due to the fact that the work done by Hurd treats Range Card cases as if they were continuous data cases, while the work done by Juster and Smith treats these cases as if they were unfolding bracket cases. This difference in treatment produces slightly higher values for RAND-H than for RAND-S because the Range Cards have substantially more detail in the highest categories than do the unfolding brackets-as a consequence, imputation using random draws is likely to produce a few very high values for the Range Card cases, and thus a higher mean.
It might be useful to spell out exactly why there are a set of cases derived from Range Cards in a study where the missing data estimates are basically derived from unfolding brackets.
The reason that there are Range Card cases in this study is that the original HRS design was based on measures developed for the PSID. In the PSID, housing values are asked about before either assets or income, and missing data on housing values was obtained from Range Cards rather than from unfolding brackets. 1 Since the 1992 HRS survey was a personal interview survey, it was feasible to use a Range Card for missing data cases on house value. Thus the respondent had physical control of the Range Card while the housing section was being administered, and some respondents continued to use the Range Card when the survey shifted to other forms of assets. Of the roughly 30% of cases with missing data that had to be imputed, 1 The Range Card that is used for both the HRS and the PSID consisted of 10 categories denoted by a letter (A through J), with amount categories as follows: A = Less Than $500, B = $500-1000, C = $1001-2500, D = $2501-10,000, E = $10,001-50,000, F = $50,001-250,000, G = $250,001-999,999, H = $1 Million -$9,999,999, I = $10 Million -$100 Million, J = More than $100 Million.
roughly six percentage points are cases where Range Cards were used rather than the unfolding bracket sequence. The Hurd paper uses these Range Card cases after converting them to continuous data cases (using random draws of continuous data cases falling in each of the specific Range Card categories).
There are other characteristics of the bracket data than need to be taken into account in any imputation process, and these seem to have been handled somewhat differently in the Juster 
II. Unfolding Bracket Bias
In recent years, analysis of the unfolding bracket categories and their relationship to the continuous data category has undergone a substantial change. What has basically taken place is that some researchers have become persuaded that various types of potential biases in the treatment of unfolding bracket cases need to be corrected if the data are to be regarded as unbiased (Hurd, 1999; Soest and Hurd, 2003) . The kinds of considerations that these researchers worry about are known as "entry point" or "anchoring" bias, or as "acquiescence" bias. The entry point phenomenon is basically concerned with what difference it makes where the unfolding bracket categories are entered--on the low side (e.g., "is it less than $2500, greater than $2500, or what?"), on the high side (e.g., "is it less than half a million, more than half a million, or what?"), or somewhere in the middle (e.g., "is it less than $125,000, more than $125,000, or what?"). Depending on where the respondent enters into this bracket sequence, entry point bias would mean that the distribution of responses would be shifted toward the initial entry point.
That is, if the initial entry point is the lowest possible bracket category, the true distribution of assets will be higher than the imputed distribution because the question sequence will generate a bias in the direction of the entry point.
The second type of bias, acquiescence bias, is associated with a respondent preference to agree with the way the question is framed by the survey designer-e.g., is it more than $25,000?
More than $50,000? In this type of question sequence, one possible answer is "yes", and it is widely thought that questions of that type produce biased responses because respondents are more apt to say "yes" than not to say "yes"-a yea-saying bias. We do not examine acquiescence bias in this paper because the question wording was changed in HRS 1996 to a balanced version that eliminated the possibility of acquiescence bias (e.g., is it less than x, more than x, or what?).
There are some characteristics of entry point bias that represent what seem to us puzzling features of the data. The theory underlying the psychology that generates these types of biases is that the way the question is framed will influence the way the question is answered. A number of well known and highly regarded papers by Tversky (e.g., Tversky and Kahneman, 1974, 1981; and Kahneman and Tversky, 1986) But what if the question, as in the case of HRS and AHEAD, has to do with checking, saving, or money market accounts, which the respondent must know quite a lot about, but may not be perfectly certain about the exact amounts in those accounts? It is hard to believe that respondents who say they own checking accounts, saving accounts, or money market accounts, wouldn't know approximately the amount of assets in those accounts-whether the accounts add up to "more than $50,000, less than $50,000, or what?" The major difficulty in answering this question is very likely to be that the respondent doesn't know how to interpret "accounts". Over the last decades or so, there has been a veritable explosion of financial instruments that have an accounts flavor, and a typical respondent who has a large number of such accounts might be unclear about which ones should be counted and which ones should be ignored. 4 There must be many households where the answer to this question is simple and straightforward and where the entry point makes absolutely no difference. Take a household that owns only a single checking account, has no saving accounts, no money market accounts, and no other assets. Is it really plausible to suppose that it matters whether the first question in the sequence asks whether such an account adds to up to less or more than $1000, the How difficult is it to demonstrate that there really is entry point bias, and that this bias needs to be taken care of before the data can be shown to be an unbiased representation of the true distribution of assets? The idea of entry point bias, as noted above, is that low entry points produce estimates of amounts that are biased downward, high entry points produce estimates of amounts that are biased upward, and entry points in the middle produce estimates that have relatively modest bias. If that were the case, one would expect to find that the mean value of assets of a particular type should be increased from entry point one (on the low side) and entry point two (in the middle), and there should also be increases in the mean value of assets when moving from entry point two (in the middle) to entry point three (on the high side). That is, entry point bias basically says that the respondent will be moved toward the entry point in responding
to any question about assets where the respondent lacks perfect certainty about the amount.
Finally, picking an entry point around the mean or median may well give better results than picking an entry point at either end of the distribution.
III. Entry Point Bias: The Empirical Evidence
There have been enough data generated by a variety of entry point experiments in both the HRS and AHEAD survey designs so that we can look at the actual results of entry point differences.
Entry point bias ought to mean that going from entry point one (low) to entry point two (higher than entry point one) would show an increase in the mean, and going from entry point two to entry point three (highest) would also show an increase in mean value. If, on the other hand, entry point bias is not present, we should find that the difference in means between entry points next question asks about less or more than $25,000, and the third question asks about less or more than $125,000? It is hard to see why an estimate of the amount in the respondent's checking account is going to be affected by which of those three numbers ($1000, $25,000, or $125,000) shows up first in the question sequence.
one and two or two and three is basically a random process and is just as likely to show a decrease as an increase.
The data in Appendixes 2, 3 and 4 show the distribution of bracket cases for those who responded DK or REF when asked about the amount of money in the various asset categories.
The HRS 1998 sample was used in the analysis. Appendix 2 has counts of households in the various bracket categories, and has a complete set of tabulations for each of the ten net worth components. These include real estate properties, businesses and farms, IRAs, stocks and mutual funds, checking/savings/money market accounts, bonds, certificates of deposit and T-bills, transportation vehicles, other assets, and debts. These tabulations are organized by entry point, which varies from asset to asset and is pre-determined according to an algorithm described in Hill (1999) .
Parallel to Appendix 2, Appendix 3 shows the mean values for each bracket category, along with the mean for all the cases corresponding to each entry point and the mean for all the households who responded DK or RF. A condensed version of Appendix 3 is in Appendix 4, which provides a direct, numeric foundation for Tables 2 and 3 below.
The data in Appendix 3 are based on the unweighted means for asset owners. For example, the unweighted means for those who own a real estate asset, and who responded DK when asked about the amount of their real estate asset, is $168,006 for those with a low entry point ($2,500), $205,737 for those with a medium entry point ($125,000), and $238,004 for those with a high entry point ($500,000). The data also show that the mean values of their real estate assets increase going from the low to middle entry point, and from the middle to the high entry point. This pattern shows up for the DK cases, for the REF cases, and for the sum of the two types of cases. The summary statistics at the bottom of Table 2 indicate that, of the ten net worth components, increases in the means between entry points one and two or two and three (for DK respondents) can be found in seven or six cases, while decreases show up in three or four cases. The data in Table 3 Table 3 compares the rank order of means, for all net worth components and for the four types of financial assets-stocks and mutual funds, checking/savings/money market accounts, bonds, and CDs/T-bills-for respondents who entered the bracket sequence from a DK response to the amount question, and the rank order of means for respondents who entered the bracket sequence from a REF response to the amount question. Overall, these tables suggest that entry point bias has some influence on the responses to these asset questions, but the influence is modest and entry point selection may not be a major source of bias. The financial asset patterns, especially those for REF cases, do not show any systematic relation between entry point and mean. While the theory calls for the highest mean to be associated with the highest entry point, and the lowest mean associated with the lowest entry point, the quantitative differences in the entry point patterns for REF cases are effectively zerosumming the rank order values for the lowest and highest entry points shows them to be equal.
The analysis so far has been concerned with relatively crude measures of associationcomparisons of means, the direction of change (up or down), and so forth. It seems useful to apply somewhat more rigorous statistical tests to these data, in order to determine whether any clear cut statistical signals come across from the analysis. For this purpose, we pooled together all the ten types of net worth data for those who either gave a don't know answer to the question or refused to give an answer at all. We estimated a set of simple regression models of asset level on asset type, a don't know/refusal dummy (DK/RF), dummies for two entry point categories,
and interactions between DK/RF and entry points. The results (Table 4) suggest that there were no statistically significant differences in asset level between DK and RF responses, or among different entry point categories.
Results were not drastically different when the models were estimated for each type of net worth component separately (Table 5) . Of the ten individual models (nine assets and debt), entry point effects appeared only in the models for checking/savings/money market accounts and debts. In these two models, the lowest entry points were generally associated with low asset values compared to the other entry points. The DK/RF effect showed statistical significance only in the model for debts.
Is there a refinement of the entry point bias model that is more consistent with the data than the original entry point bias model? Several features of the data in Table 3 suggests a useful modification of the original model as it applies to the analysis of asset holdings. These modifications are basically driven by noting the degree of certainty associated with the response patterns. Note: The dependent variable was (the imputed asset value)/1000. The omitted (reference) groups were Refusal (RF), High-Entry-Point (H), and Debts. The "cluster" option was used when the models were estimated, with a cluster variable "HHID" + "FSUBHH". In the "Full Model", not all the possible interaction terms were included because of collinearity. First, it appears to be the case that holdings of real assets are more consistent with the original entry point model than holdings of financial assets. The reason may be that the market values of real assets (the two most important being Real Estate assets and Business/Farm assets) are subject to more uncertainty than holdings of other assets. The greater uncertainty in turn might be due to the greater market volatility of these assets.
Second, it appears to be the case that REF respondents (Table A1 ). What distinguishes an unfolding bracket sequence from traditional survey questions is its inclusion of range questions (less than x, about x, more than x), which become necessary for those who give a positive answer to the ownership question but fail to provide a specific amount to the open-ended question.
An unfolding bracket sequence can be characterized by the number of breakpoints and the values of these breakpoints, which in HRS are pre-determined based on an algorithm described in Hill (1999) . In the above example, the unfolding bracket sequence has four breakpoints, valued at $2,500, $25,000, $125, 000, and $400,000, respectively. Different bracket sequences may have a different number of breakpoints, and/or different breakpoint values. The bracket sequence for transportation vehicles in HRS 1998, for example, has only three breakpoints, with breakpoint values at $5,000, $50,000, and $100,000.
Another feature of an HRS unfolding bracket sequence is that the sequence stops whenever a DK or RF answer is given to a bracket question. Thus, many stock-owning households do not provide any definitive information at all regarding the value of their stock holdings even when prompted with bracket questions. 5 The sequence also stops when bracket questions are at an upper or lower limit (e.g., less than the lowest breakpoint, or more than the highest breakpoint), when an "about" answer is given, or when a lower and upper bracket limit is identified.
Entry points become an issue in the unfolding bracket sequence because the distribution of respondents among bracket categories may depend on the entry bracket. Prior to interview and since HRS 1998, each HRS household is assigned to one of three randomly selected groups, which may conveniently be called a low-entry-point group, a middle-entry-point group, and a high-entry-point group, respectively.
Households assigned to the low-entry-point group will get bracket questions starting with lowest breakpoint-in this case, $2,500. They will first be asked question C1, then C2, and C3, and conclude the bracket sequence with C4 if needed (See Table A1 , Panel 1). In contrast, households assigned to the middle-entry-point group will get bracket questions starting with the 5 That is, they give a DK/RF answer to the entry bracket question, and the bracket sequence stops right there.
second lowest breakpoint-in this case, $25,000. They will first be asked question C2, and then-depending on their answers to the question-C1, or C3 and C4 (See Table A1 , Panel 2).
The bracket question sequence for households assigned to the high-entry-point group is determined in a similar way: starting with C3, and then C4, or C2 and C1-depending on their answers to a previous question (See Table A1 , Panel 3).
"Unfolding range" is a term used for characterizing respondent answers to the entire sequence of bracket questions. In combination with entry-point, unfolding range uniquely determines a respondent's response pattern to various bracket questions. For a stock-owning household who belongs to the low-entry-point group and who fails to reveal the exact value of its stock holdings, for example, its answers to the bracket questions may be as follows: C1 = 5, C2 = 5, and C3 = 1. We know that this household's holdings are greater than $25,000 and less than $125,000, and denote its unfolding range as "> $25,000 and < $125,000." Similarly, the unfolding range for a household in the high-entry-point group with bracket answers C3 = 1, C2=1, and C1= 5 is "> $2,500 and < $25,000." Table A2 lists all the possible unfolding ranges for stock-owning households in the four breakpoint unfolding sequence illustrated above. Readers may find it useful for understanding the data in Appendixes 2 and 3 of this paper.
Appendices 2 and 3: A Summary
Appendix 2 provides the details of the imputation results for each of the 10 net worth components in the HRS study (nine assets and debt). The top half of the table shows the raw counts of numbers of household respondents by unfolding bracket range, while the bottom half of the table shows the distribution of household respondents by unfolding bracket categories. Note: 1) The unfolding sequence has four breakpoints valued at $2,500, $25,000, $125,000, and $400,000. 2)Bracket pattern is arranged in the order of bracket questions answered. 2) Households from the low-entry-point group always start with question C1. Households from the middle-entry-point group always start with question C2. Households from the high-entry-point group always start with question C3. 3) Reason why bracket sequence stops: 1 = bracket question is at an upper or lower limit; 2 = an "about" answer is given; 3 = a "DK" or "RF" answer is given; 4 = a lower and upper bracket limit is identified (e.g., the amount is less than $50,000 and greater than $5000).
Bracket Pattern Entry-Point Group Why Bracket Sequence Stops
Unfolding Range C1=1 Low-entry-point 1 < $2,500 C1=3 Low-entry-point 2 About $2,500 C1=8 or 9
Low-entry-point 3 DK/RF if <> $2,500 C1=5, C2=1
Low-entry-point 4 > $2,500 & < $25,000 C1=5, C2=3
Low-entry-point 2 About $25,000 C1=5, C2= 8 or 9
Low-entry-point 3 DK/RF if <> $25,000 C1=5, C2=5, C3=1
Low-entry-point 4 > $25,000 & < $125,000 C1=5, C2=5, C3=3
Low-entry-point 2 About $125,000 C1=5, C2=5, C3=8 or 9
Low-entry-point 3 DK/RF if <> $125,000 C1=5, C2=5, C3=5, C4=1
Low-entry-point 4 > $125,000 & < $400,000 C1=5, C2=5, C3=5, C4=3
Low-entry-point 2 About $400,000 C1=5, C2=5, C3=5, C4=8 or 9
Low-entry-point 3 DK/RF if <> $400,000 C1=5, C2=5, C3=5, C5=5
Low-entry-point 1 > $400,000
C2=1, C1=1
Middle-entry-point 1 < $2,500 C2=1, C1=3
Middle-entry-point 2 About $2,500 C2=1, C1=8 or 9
Middle-entry-point 3 DK/RF if <> $2,500 C2=1, C1=5
Middle-entry-point 4 > $2,500 & < $25,000 C2=3
Middle-entry-point 2 About $25,000 C2=8 or 9
Middle-entry-point 3 DK/RF if <> $25,000 C2=5, C3=1
Middle-entry-point 4 > $25,000 & < $125,000 C2=5, C3=3
Middle-entry-point 2 About $125,000 C2=5, C3=8 or 9
Middle-entry-point 3 DK/RF if <> $125,000 C2=5, C3=5, C4=1
Middle-entry-point 4 > $125,000 & < $400,000 C2=5, C3=5, C4=3
Middle-entry-point 2 About $400,000 C2=5, C3=5, C4= 8 or 9
Middle-entry-point 3 DK/RF if <> $400,000 C2=5, C3=5, C4=5
Middle-entry-point 1 > $400,000 C3=1, C2=1, C1=1 High-entry-point 1 < $2,500 C3=1, C2=1, C1=3
High-entry-point 2 About $2,500 C3=1, C2=1, C1=8 or 9
High-entry-point 3 DK/RF if <> $2,500 C3=1, C2=1, C1=5
High-entry-point 4 > $2,500 & < $25,000 C3=1, C2=3
High-entry-point 2 About $25,000 C3=1, C2=8 or 9
High-entry-point 3 DK/RF if <> $25,000 C3=1, C2=5
High-entry-point 4 > $25,000 & < $125,000 C3=3 High-entry-point 2 About $125,000 C3=8 or 9
High-entry-point 3 DK/RF if <> $125,000 C3=5, C4=1
High-entry-point 4 > $125,000 & < $400,000 C3=5, C4=3
High-entry-point 2 About $400,000 C3=5, C4=8 or 9
High-entry-point 3 DK/RF if <> $400,000 C3=5, C4=5
High-entry-point 1 > $400,000
The that the refusal rate for the entry bracket questions is even higher-more like 70% than sixty.
Appendix 3 contains mean amounts for each of the bracket categories, with the amount being obtained by random draws for each household in each of the bracket categories. That is, if 50 households wound up in the bracket category "< $50K > $5K", the program would search the data for continuous amount cases in that category, then assign a randomly selected case for each of the 50 households. In cases where the respondent said that their asset was worth "about 10K", when asked whether it was worth "< $10 K, > $10K, or what?", the program would assign $10 K to each of the households in the "about $10 K" category. Note: 1) Entry bracket categories are highlighted. 2) "DK/RF to entry-bracket question" is calculated as ratio of the highlighted cell to the total case number.
3) "DK/RF to non-entry-bracket question" is calculated as ratio of all the non-highlighted cells ending in DK/RF to the total case number. $5,000 $10,000 $100,000 $5,000 $10,000 $100,000 $5,000 $10,000 $100,000 < $5,000 13 6 6 13 6 6 About $5,000 4 Note: 1) Entry bracket categories are highlighted. 2) "DK/RF to entry-bracket question" is calculated as ratio of the highlighted cell to the total case number.
3) "DK/RF to non-entry-bracket question" is calculated as ratio of all the non-highlighted cells ending in DK/RF to the total case number. Note: 1) Entry bracket categories are highlighted. 2) "DK/RF to entry-bracket question" is calculated as ratio of the highlighted cell to the total case number.
3) "DK/RF to non-entry-bracket question" is calculated as ratio of all the non-highlighted cells ending in DK/RF to the total case number. 
